Building on a long-standing body of research linking social relationships to health (Berkman et al., 2000) , recent work has investigated links between social relationships and inflammatory markers (Bajaj et al., 2016; Glei et al., 2012; Yang et al., 2016; Yang et al., 2014) that may serve as early indicators of subsequent morbidity (Das, 2016; Ridker et al., 2000a; Ridkeret al., 2000b) and mortality (Kaptoge et al., 2010) . These studies have found some evidence that social relationships influence inflammatory markers, including pro-inflammatory cytokines such as interleukin-6 (IL-6) and acute phase proteins (e.g. C-reactive protein) (Ford et al., 2006; Loucks et al., 2006; Yang et al., 2016) , although findings overall have been mixed, with some evidence of null or modest associations (Bajaj et al., 2016; Glei et al., 2012) .
Notably, the extant research has been largely limited to US-born non-Latino white respondents, and has therefore given less consideration to the sociocultural context of family and community networks for US immigrants and their descendants. This paper extends recent research on the links between social relationships and inflammatory biomarkers to a population-based sample of older Latino adults 60 years and older. Pro-inflammatory cytokines IL-6 and tumor necrosis factoralpha (TNF-α) have been linked to all-cause and cardiovascular disease mortality (Roberts et al., 2010) and C-reactive protein has been linked to functional impairment (Aiello et al., 2008) and cognitive decline (Yaffe et al., 2007) in this sample, underscoring the wide-ranging implications for multiple health outcomes.
We carry out this work with a transnational framework, which acknowledges the potential for immigrants to maintain social connections to family and friends both locally and in places of origin (AcevedoGarcia et al., 2012) . We therefore estimate associations between both cross-border and local social connection and inflammation in our sample. This work builds from recent research that suggests that continued cross-border ties are significantly associated with mental health and health behaviors for both immigrants and their US-born descendants, even after accounting for local social connections to family and community members (Alcántara et al., 2015a; Alcántara et al., 2015b; Torres et al., 2016a, b) . Finally, we examine whether cross-border ties might reveal potential heterogeneity in the relationship between nativity and inflammation. While immigrants have been found to have lower levels of inflammation than their US-born counterparts
A transnational approach to the study of social relationships and inflammation
Inflammation is a potential biological mediator linking social relationships to multiple health outcomes (Eisenberger and Cole, 2012; Kiecolt-Glaser et al., 2010) . Social connections may influence inflammation by activating responses in neural and endocrine systems (Eisenberger and Cole, 2012) . Social relationships may also influence health behaviors, such as smoking and physical activity, that in turn contribute to systemic inflammation (Kiecolt-Glaser et al., 2010) . While the relationships between social relationships and inflammation have been tested in population-based data sources (Glei et al., 2012; Yang et al., 2014 Yang et al., , 2016 , this work has incorporated limited nuance regarding the sociocultural particularities of family and community networks for diverse populations, including immigrants and their US-born children.
Scholars have recently emphasized the importance of incorporating a transnational perspective into research on the social determinants of health for immigrants and their family members (Abraído-Lanza et al., 2016) . A transnational perspective emphasizes the connections that immigrants and their descendants often maintain with family and friends in places of origin even as they develop social relationships within communities in the US (Waldinger, 2015) . These place-of-origin connections may be in the form of return visits, the transmission of remittances, or communication by phone or the Internet. A nascent body of immigrant health scholarship has considered the potential influence of these cross-border social relationships on self-reported health and health behaviors (Alcántara et al., 2015a; Alcántara et al., 2015b; Torres et al., 2016a, b; Villa-Torres et al., 2017) , although this work has yet to examine whether these associations with self-reported measures extend to biological indicators of health, including inflammatory markers.
Scholars have, however, proposed a number of potential psychosocial and behavioral mechanisms that may explain any observed association between cross-border ties and inflammation (Torres et al., 2016a; Villa-Torres et al., 2017; Viruell-Fuentes and Schulz, 2009 ), which we review below. Each of these mechanisms may have countervailing protective and adverse implications for inflammation (see conceptual framework in Supplemental Appendix). Although we are secondarily interested in the role of local social relationships, the potential mechanisms linking local social relationships within family and community networks and inflammation have been addressed elsewhere (Kiecolt-Glaser et al., 2010) . However, we note that cross-border connection may also intersect in important ways with social relationshipsas well as social isolation -experienced in the US. It may be that those who have fewer social connections in the US are more likely to engage with family and friends across borders as a way of coping. On the other hand, those who have strong social networks in the US could rely less on cross-border ties for emotional, instrumental, or informational support (Waldinger, 2015) .
Cross-border social ties and inflammation: possible psychosocial pathways
Connection with family and friends in places of origin may have protective effects on inflammation through both supportive and stressexacerbating psychosocial pathways. For one, family and friends abroad may serve as a critical source of support and a provide a sense of belonging within a cross-border family network and/or ethnonational community (Viruell-Fuentes and Schulz, 2009) . Scholars have documented through qualitative research that family and friends who remain in places of origin often continue to provide social, informational, and instrumental support to immigrants and their family memberslending an ear to discuss challenging emotional experiences related to living in the US, or providing advice about medical care or home remedies, for example (Menjívar, 2002; Villa-Torres et al., 2017) . This support and sense of belonging is often critical as immigrants and their family members experience social isolation and marginalization in the US. Continued cross-border social connection may in turn contribute to lower levels of inflammation through pathways of reduced depression and elevated social and instrumental supports (Kiecolt-Glaser et al., 2010) .
There may also be potentially adverse implications of cross-border ties for inflammation among immigrants and their family members, which may occur through stress-related pathways. Immigrants may continue to provide emotional or financial support to family members across borders, possibly in addition to caring for family members locally (Abrego, 2014; Viruell-Fuentes, 2006) . Qualitative scholarship has uncovered the particularly acute burden of cross-border caregiving for immigrant women, who may be charged with coordinating and providing care to family members both at home and abroad (ViruellFuentes, 2006) . Chronic stress resulting from family strain and caregiving burden in general has been linked to higher levels of inflammation (Kiecolt-Glaser et al., 2003) . While the potential for social strain and the burden of caregiving is not unique to cross-border relationships, cross-border ties are unique from local ties in that they occur in a context of cross-border separation (Menjívar, 2012) . That is, family members connect across borders because they are separated across borders. Often this separation is the result of immigration policies that make it difficult for immigrants to return to places of origin, or that make family reunification in the US a legal or financial impossibility (Abrego, 2014; Menjívar, 2002) . Prior research finding significant, adverse associations between cross-border ties and the psychological wellbeing of immigrant women in population-based studies of US Latinos may reflect the strain of cross-border separation and caregiving that often accompanies these transnational connections (Alcántara et al., 2015a; Torres et al., 2016b) .
Cross-border social ties and inflammation: possible behavioral pathways
Cross-border ties may also be linked to inflammatory markers through behavioral pathways. As the result of primarily qualitative research, scholars have suggested that cross-border ties may facilitate immigrants' ongoing exposure to behavioral norms and preferences of communities of origin (Villa-Torres et al., 2017) . These norms and preferences may include health behaviors that may be reflected in inflammatory markers. In one of the few empirical tests of the potential associations between cross-border ties and health behaviors, Alcántara et al. (2015b) found significant cross-sectional associations between cross-border ties -measured as the number of return visits to place of origin per year, and remittance-sending to family and friends in Latin America-and lower odds of being a current smoker in a national sample of Latino migrants. The protective association between remittance-sending and smoking status was particularly pronounced for Latina women.
Cross-border ties may also have implications for other health-related behaviors, including interaction with the health care system, selfcare practices, and medication adherence (Villa-Torres et al., 2017) . Specifically, immigrants and their descendants who maintain crossborder ties may be more likely to return to places of origin for health care; seeking health care in places of origin may be preferred for those who experience barriers to care in the US, or who are accustomed to systems of care in places of origin. Even for those who are not able to travel due to legal, financial, or health-related constraints, cross-border social ties may serve as channels of health-related information, including traditional self-care practices (Villa-Torres et al., 2017).
Cross-border social connection and the immigrant inflammation advantage
In addition to the potential main effect association between crossborder ties and health, including biological indicators of health, connection to place of origin may serve as a source of heterogeneity in the relationship between nativity and health. Researchers have long documented significant health advantages for immigrants relative to their US-born counterparts (Daviglus et al., 2012; Medina-Inojosa et al., 2014) . The so-called immigrant health "advantage" has been tentatively explained by a number of factors, including the selectivity of individuals into the migration process based on positive health characteristics (Jasso et al., 2004) and the return migration of less healthy immigrants to places of origin (Arenas et al., 2015) . There is some evidence that the immigrant advantage extends to inflammation (Crimmins et al., 2007; Peek et al., 2010) , although extant studies have yet to consider sociocultural sources of heterogeneity in the relationship between nativity and inflammation among immigrants and their US-born descendants.
We seek to understand whether or not both cross-border ties to one's country of origin -or parents' country of origin -may be one such source of heterogeneity, given the potential for continued cross-border connection to impact other dimensions of health (e.g. mental health, health behaviors), which may in turn influence levels of inflammation. For example, cross-border connection might buffer the potentially adverse effects of social isolation US by offering positive psychological resources (e.g. support, a sense of belonging) for immigrants and their US-born children (Viruell-Fuentes and Schulz, 2009 ) and serving as a path for ongoing exposure to behavioral norms places of origin which may be more health-promoting than those in the US (Villa- Torres et al., 2017) . Similarly, US-born descendants of Latin American-origin immigrants who maintain social connection to Latin America may enjoy health advantages relative to their US-born counterparts without these cross-border ties; these US-born Latinos could share social, cultural, and behavioral profiles that are more similar to their immigrant counterparts.
The present study
While the potential influence of cross-border social relationships on health outcomes has been suggested in both qualitative research and quantitative analyses of self-reported health outcomes, there has yet to be a link to biological indicators of health. We therefore estimate the associations between an indicator of cross-border social ties and three inflammatory markers in a population-based sample of older Latino adults. We expect to find positive associations between cross-border connection and inflammatory markers, although we acknowledge the potential for null or even negative results given the fact that crossborder relationships may also entail stress and burden, particularly for immigrant women. We secondarily examine the relationship between local social integration and inflammation, expecting that more local social relationships will also be significantly associated with lower inflammation in the sample.
Finally, we examine the relationship between cross-border ties and inflammation by respondent nativity. Specifically, we expect that immigrant respondents will have lower levels of inflammation relative to their US-born counterparts, but that this advantage will be even greater for those who have cross-border connection through social ties to family and friends in Latin America. Conversely, we expect that while USborn respondents overall will have higher levels of inflammation relative to their immigrant counterparts, US-born respondents with no connection to Latin America (i.e. parents' place of origin) will have the highest levels of inflammation across all groups, given that this group would likely not benefit from the potentially health-protective components of cross-border connection.
Methods

Data
The Sacramento Area Latino Study on Aging (SALSA) is a population-based, prospective study of foreign and US-born Latino respondents living in the Sacramento Valley region of Northern California. Respondents were 60-101 years old at baseline and 94% were of Mexican origin; 6% of the sample was born in Central America. All census tracts in the six contiguous counties of the Sacramento Valley with at least 5% eligible (i.e. Latino and ≥60 years) based on 1990 Census data were considered. All households within these tracts were enumerated and all residents with Latino surnames ≥60 years were contacted by mail, phone, or door-to-door. All eligible members of a household were included in the survey. Among those contacted, 85% (n = 1789) completed the initial survey. As described in greater detail elsewhere (Haan et al., 2003) , the baseline sample shared similar demographic characteristics to older Latinos in the region as described by the 1998 dress rehearsal for the 2000 US Census. After the baseline visit, home visits were completed every 12-15 months through 2008. Semi-annual phone calls were made to update contacts and health status.
Outcome measures
A fasting blood sample was drawn on the day of the interview at baseline and follow-up waves; inflammatory markers are available at baseline and the fourth follow-up wave, which was conducted approximately five-years after baseline (2004/2005) . Frozen (−70C) serum samples were analyzed for tumor necrosis factor-alpha (TNF-α), Interleukin-6 (IL-6), and high-sensitivity C-reactive protein (CRP) at baseline and the fourth follow-up wave. High sensitivity C-reactive protein levels were tested using the CRP Ultra Wide Range Reagent Kit latex-enhanced turbidimetric immunoassay (Ledue et al., 1998 ) (Genzyme Diagnostics (formerly Equal Diagnostics), Exton, Pennsylvania). TNF-α and IL-6 levels were determined by using the Quantiglo Chemiluminescent Immunoassay (R&D Systems Inc., 2017a, 2017b).
Exposure measures
Cross-border social connection
At baseline, respondents were asked about how frequently they spoke to family or friends in Latin America. We contrasted those who reported talking "often", "always", or "almost never" to those who reported "never" talking to family or friends abroad (Viruell-Fuentes, 2006) . We additionally examined a four-category measure of crossborder ties and nativity (i.e. U.S.-born or born in Latin America). We examined the sensitivity of findings to a different specification of the cross-border ties measure (i.e. contrasting those who reported "often" or "always" with those who reported talking "almost never" or "never") (see Supplemental Appendix). We prefer the specification of crossborder ties employed in the primary analyses (i.e. indicative of any cross-border contact versus none at all), given prior research suggesting that even very little communication with family and friends abroad can have substantial emotional and symbolic value for immigrants and their family members (Torres, 2013; Viruell-Fuentes, 2006) .
Local social relationships
Local social relationships at baseline were captured with measures related to family members in the household as well as markers of social activities outside the household that might proxy for community or workplace social connections. Respondents were assigned a one (1) for each of the following indicators: living with a spouse; living with children or other non-spouse family member or friends; currently working outside the home; and engaging in volunteer activities. These indicators were summed, yielding a count of local social relationships (range 0-3).
Potential confounders
We selected a parsimonious list of potential confounders, including age in years, economic status, and depression. Economic resources likely influence the capacity of individuals have to maintain crossborder connections through return visits and/or remittance-sending to family and friends abroad -and may also influence inflammation. Economic status was measured with an indicator of gross monthly household income divided by the number of individuals living in the household. Household income was available as a five-category measure (i.e. less than $1000/month, $1000 to $1499/month, $1500 to $1999/ month, $2000 to $2499/month, $2500 or more/month), and was recoded to reflect the mid-point of each category (i.e. $500, $1249.5, $1749.5, $2249.5, $2479.5) before dividing by number of household members (range: 0 to 12).
While depression may serve as a mediator of the relationship between social relationships and inflammation (see Fig. 1 ), it is also a potential confounder, given that depression may impact individuals' social engagement with family and community members, as well as inflammation. We therefore controlled for depression with the 20-item Centers for Epidemiologic Studies Depression (CES-D) scale (Radloff, 1977) ; those with CES-D scores of 16 or greater were compared with those scoring below 16.
For completeness, we also present models in the Supplemental Appendix that control for potential mediators, including body mass index, smoking status, physical activity, and anti-inflammatory medication usage. We do not consider these final models of primary interest given that the inclusion of mediators of our main association of interest likely amounts to over-control.
Statistical analyses
We first examined descriptive characteristics stratified by gender, given prior research suggesting that relationships between both crossborder social connections and health differ substantially for men and women (Alcántara et al., 2015b; Torres et al., 2016b) . We subsequently examined bivariate associations between local and cross-border social relationships in order to examine patterns of transnational social relationships in the sample.
We then estimated age-adjusted associations between the baseline cross-border social relationship measures and individual inflammatory markers using Ordinary Least Squares regression models (Model 1). Inflammatory markers were log-transformed due to highly skewed distributions; we present exponentiated regression coefficients, which can be interpreted as estimates of the percent change in the outcome corresponding to a one-unit change in the predictor variable of interest. We subsequently included measures of local social relationships, nativity, economic status, and depression (Model 2). We then re-estimated models using a four-category measure of cross-border ties and nativity. Finally, we estimated the associations between baseline cross-border connection, nativity, and inflammatory markers measured at the fourth follow-up wave (i.e. five years after baseline).
We addressed missing data on baseline measures with multiple imputation. A total of 30 datasets were generated using iterative chained equations with the -ice-package in STATA v. 14. Three cases were missing across multiple indicators and could not be imputed, leading to a baseline analytic sample of 1786. For analyses of inflammatory markers at five-year follow-up, we utilized the imputed datasets from the baseline models for exposure and covariate measures, but restricted our analyses to respondents who had non-missing values on five-year follow-up measures of inflammation (n = 935 for CRP, n = 594 for IL-6 and TNF-α). Compared to those who left the survey due to death or loss-to-follow-up, those who remained in the follow-up sample were younger, less likely to be Latin American-born and, particularly for men, less likely to have had any cross-border connection at baseline. Models of inflammation at five-year follow-up incorporate stabilized inverse probability of attrition weights (IPAWs). The weights were truncated at the 99th percentile (Cole and Hernán, 2008) . Estimates were replicated both with and without exclusion of cases with values ± 4SD around the mean of each inflammatory marker; we report on differences in models that excluded outliers in a Supplemental Appendix. Table 1 shows that just under half of respondents (45% of women, 46% of men) reported any communication with family and friends in Latin America at baseline. Respondents had an average score of about 1.5 (SD: 0.8) on the count measure of local social relationships (range 0-3). There were no significant bivariate associations between crossborder and local social relationships measures for women. However, men who reported cross-border connection were also more likely to have more local social connections (p < 0.001). Twenty-one percent of men with any baseline cross-border connection had three or more local social relationships compared to 12% of those who reported no crossborder connection. In contrast, 6% of men who reported any baseline cross-border connection had zero local social relationships compared to 12% of those with no cross-border connection.
Results
In age-adjusted regression models, there were significant associations between having any cross-border connection and lower levels of baseline IL-6 (Exp (β) = 0.90, 95% CI: 0.81, 0.99 for men, Exp (β) = 0.88, 95% CI: 0.81, 0.96 for women), lower baseline CRP for Tables A-D) . These associations fell to non-significance after further adjustment. In subsequent models, we instead utilized the fourcategory measure of cross-border connection by respondent nativity. Among women, immigrant respondents who reported any crossborder connection were estimated to have significantly lower levels of IL-6 and CRP than the reference group of US-born respondents with no cross-border connection in age-adjusted models (Table 2 and Fig. 1 ).
These significant associations remained after controlling for potential confounders (Exp (β) = 0.81, 95% CI: 0.73, 0.90 for IL-6; Exp (β) = 0.74, 95% CI: 0.62, 0.89 for CRP). In models controlling for potential confounders, immigrant women who reported no cross-border ties had lower levels of TNF-α compared to the reference group, although this association was only marginally significant (Exp (β) = 0.92, 95% CI: 0.85, 0.99).
In models for male respondents, immigrants who reported any cross-border connection were estimated to have lower levels of IL-6 J.M. Torres et al. Social Science & Medicine 211 (2018) 21-30 after adjusting for age only (Exp (β) = 0.82, 95% CI: 073, 0.92). In models adjusting for potential confounders, immigrant men with crossborder connection had lower levels of both IL-6 and CRP relative to USborn men with no cross-border connection (Exp (β) = 0.78, 95% CI: 0.69, 0.88 for IL-6 and Exp (β) = 0.74, 95% CI: 0.57, 0.93 for CRP) (Table 3 and Fig. 2 ) after adjusting for confounders.
At five-year follow-up, US-born women with any baseline crossborder connection were estimated to have significantly higher CRP relative to the reference group of US-born women with no cross-border contact after adjusting for potential confounders (Exp (β) = 1.48, 95% CI: 1.03, 2.13) (Table 3 and Fig. 3) . The same group of US-born women with cross-border ties was estimated to have the lowest levels of TNF-α at five-year follow-up (Exp (β) = 0.84, 95% CI: 0.73, 0.96). Immigrant women with or without cross-border ties had no significant differences in any of the three inflammatory markers at five-year follow-up relative to US-born women with no cross-border contact. Among men, immigrant men with any baseline cross-border connection had significantly lower levels of CRP at five-year follow-up relative to the Table 3 OLS regression models of inflammatory markers at five-year follow-up by nativity and baseline cross-border connection for a population-based study of Latino adults 60 years and older. Source: Sacramento Area Latino Study on Aging. *p < 0.05, **p < 0.01, ***p < 0.001. Notes: A. Adjusted for age in years. B. Adjusted for age, monthly household income divided by number of individuals in the household, depression, and local social relationships, all measured at baseline. reference group, even after adjusting for confounders (Exp (β) = 0.69, 95% CI: 0.49, 0.96) (Table 3 and Fig. 4 ). There were no significant associations between local social relationships and baseline inflammatory markers (not shown). In models of inflammatory markers at five-year follow-up that include both US and Latin American-born respondents, men who reported two local social connections at baseline had lower levels of CRP at five-year follow-up relative to men with no such connections (Exp (β) = 0.51, 95% CI: 0.29, 0.90). Similarly, women who reported three or more local social connections at baseline had lower levels of IL-6 at five-year follow-up compared to the reference group without any local social relationships (Exp (β) = 0.70, 95% CI: 0.40, 0.98).
We also note that reported results are substantially attenuated and null in many cases after controlling for potential mediators of the association between cross-border ties, nativity, and inflammation (Appendix Tables E and F) . There was one case in which results were attenuated after excluding cases with inflammatory markers ± 4 SD about the mean. Results were also sensitive to an alternative specification of the cross-border ties measure, which contrasted respondents who reported "never" or "almost never" communicating with family and friends in Latin America at baseline and those who reported communicating "often" or "always". Further description of these ancillary analyses and results tables are presented in the Supplemental Appendix.
Discussion
Research on the health of immigrants and their descendants has been dominated by a focus on US-based social influences. More recently, scholars have argued for the need to incorporate a transnational perspective into this work, by considering how health outcomes among immigrants and their descendants might vary by connection to places of origin (Abraído-Lanza et al., 2016; Acevedo-Garcia et al., 2012) . Crossborder social connections may serve as unique sources of both social support and strain as well as cultural and behavioral influence. These cross-border sociocultural influences may impact mental health or selfreported behavioral outcomes, as has been reported elsewhere (Alcántara et al., 2015a; Torres et al., 2016b) . We extended this research to examine whether these cross-border social relationships might also get "under the skin", with links to inflammatory markers that are in turn linked to multiple chronic conditions and mortality.
Overall, we found that cross-border social connection was not significantly associated with inflammation when looking across the entire sample. However, when examining differences by respondent nativity, we found that immigrants who maintained even limited contact with family and friends in Latin America at baseline had lower baseline IL-6 and CRP relative to US-born respondents with no connection to family and friends in Latin America. Consistent with these baseline results, we found that immigrant men with even limited cross-border ties had lower levels of CRP at five-year follow-up compared to their US-born counterparts with no cross-border connection. In contrast, immigrant respondents who reported no cross-border social connection had almost no significant differences in inflammation from their US-born counterparts. While immigrant women with no reported cross-border connection had significantly lower levels of TNF-α at baseline compared to their US-born counterparts who also had no cross-border connection, this association was only marginally significant and should be interpreted with caution. Local social relationships, in contrast, were significantly associated with inflammation at five-year follow-up in two cases: in models of CRP for men, and models of IL-6 for women.
Findings that cross-border ties were generally linked to lower inflammation among the immigrant sub-sample only are consistent with the expectation that these cross-border relationships are likely stronger and more meaningful for immigrants relative to their US-born counterparts who may have weaker links to extended family networks (Viruell-Fuentes, 2006) . However, in models of inflammation at fiveyear follow-up US-born women with any cross-border connection at baseline were found to have both lower TNF-α and higher CRP than their US-born counterparts with no cross-border connection.
Findings of some gender differences, including a persistent beneficial association between cross-border ties and CRP markers for immigrant men only, and of some adverse associations between crossborder connection and inflammation for women, are also consistent with prior research suggesting that immigrant women may experience greater social and emotional strain in transnational family networks. Immigrant women may bear a greater burden than their male counterparts for providing emotional and logistic care for family members both in the U.S. and in places of origin (Viruell-Fuentes, 2006) , which may in turn contribute to higher levels of stress as well as stress-related coping behaviors. These stressful components of cross-border ties may temper the degree to which they are associated with lower levels of inflammation among immigrant respondents.
The results are generally suggestive of lower levels of baseline IL-6 and CRP for immigrant respondents with any degree of cross-border connection, which is consistent with theoretically-informed expectations as well as prior research examining self-reported outcomes and qualitative accounts of cross-border health influences (Acevedo-Garcia et al., 2012; Torres et al., 2016a; Villa-Torres et al., 2017). However, it may be that immigrants who maintain cross-border ties are simply more recently arrived immigrants with stronger connections to family and friends in places of origin and lower levels of inflammation due to other, unmeasured factors (e.g. less cumulative exposure to societal discrimination in the US) (Gallo et al., 2011; Ortiz et al., 2015) . Indeed, immigrant respondents in the SALSA study who reported any crossborder ties at baseline had spent an average of 34 years in the US compared with 45 years for their immigrant counterparts with no reported cross-border connection.
Given this concern, we examined the relationship between crossborder ties and inflammatory markers by both nativity and time in the US, where the measure of time in the US contrasts those who spent 35 years or less in the US to those who spent more than 35 years in the US i.e. about the mean number of years spent in the US for the SALSA cohort (Appendix Figures A and B) . Immigrants in the US for 35 years or more who maintained any cross-border connection to family and friends in Latin America had the lowest levels of baseline IL-6 (both men and women) and baseline CRP (men only). Immigrant women with fewer than 35 years in the US who maintained cross-border ties had the lowest levels of baseline CRP. Given the small cell sizes for this sixcategory exposure variable (e.g. there are only 46 women and 25 men who have been in the US for ≤35 years and do not report at least some cross-border communication at baseline), these results should be interpreted with caution -and were run for the full baseline sample only. Nevertheless, they suggest that long-stay immigrants may enjoy health benefits resulting from cross-border connection, and that the inflammation advantage for immigrants with cross-border ties may not be explained by differences in time spent in the US.
Limitations
Study findings should be viewed in light of a number of limitations. For one, the sample is limited to primarily Latin American-origin older adults born in Latin America and the US and residing in a specific region of Northern California; the results may not be generalizable to other immigrant or second-generation populations. In addition, respondents were on average 70 years old at baseline. The meaning of local and cross-border social relationships might be distinct for older adults as compared to individuals in mid or early-life; local connections might be of greater importance to older adults who may need hands-on care with activities of daily living or with managing medical conditions. Declines in physical and cognitive functioning may also make it challenging for older adults to maintain cross-border relationships through visits home or even through frequent phone calls, which could weaken these long-distance connections.
We also note that the measure of respondents' cross-border ties does not address the quality of respondents' connections to family and friends living in Latin America, including indicators of social support and strain, which may be important predictors of inflammatory burden (Yang et al., 2014) . The measures also do not indicate the types of relationships maintained (e.g. children, extended family members) or specify the frequency of cross-border connection. To our knowledge, data sources that include such nuanced measures of cross-border ties alongside biological indicators of health do not exist. However, we emphasize that our findings were sensitive to the specification of the measure of cross-border connection, underscoring the critical importance of understanding detailed variation in the forms and frequency of cross-border connection in relationship to health outcomes in future research.
Additional limitations include the relatively small sample size, particularly for follow-up analyses, which could limit power to detect some associations and could be driving some unexpected results. The lack of repeated measures of social ties also means that we were unable to account for the potentially reciprocal association between social relationships and inflammation (Eisenberger et al., 2017) . While we do examine associations with inflammatory markers at five-year follow-up, repeated measures of cross-border ties would be necessary to model reciprocal associations. A related point is that given that we lack an updated measure of cross-border connection, it is unclear whether or not cross-border social connections measured at baseline persisted to five-year follow-up. We may be missing underlying differences in respondents who continued to have cross-border connections at five-year follow-up and those who no longer maintained these connections. We therefore encourage replication of our findings as well as extensions that include more nuanced and repeated measures of cross-border ties.
Our findings nevertheless contribute to a nascent body of research that suggests that cross-border connection may serve as an important social determinant of health for immigrants and their descendants in the US. This study moves this body of literature forward by examining the association between cross-border ties and biomarkers of inflammation. Our findings lend qualified support to the idea that crossborder ties might be considered as an important components of immigrants' social networks and a potential source of heterogeneity in the immigrant health advantage. Moreover, the results might serve as a catalyst for future data collection and analysis efforts that seek to shed light on the social determinants of immigrant health using a transnational approach, as well as efforts to identify the mechanisms by which cross-border connection might impact the health of immigrants and their family members.
